ABSTRACT: Electric power-assisted bicycles (e-bicycles) provide a convenient form of mobility in urban areas
INTRODUCTION
Recently, a rapid increase is observed in the use of electric power-assisted bicycles (known as e-bicycles, e-bikes or pedelec) throughout the world and in Israel. According to the Free Import Order (2011) in Israel, electric bicycles are defined as bicycles with two-wheels composed one after the other and fitted with an electric engine. They have three groups of components: bike parts, the engine and the battery. In general, there are models in which the engine operates with a switch or throttle and provides power assistance without any pedal action (powered bicycles) and models in which the power assistance is only provided when the rider is pedaling (power-assisted bicycles or pedelec) (Rose, 2012) . The definitions and regulations concerning electric bicycles typically involve restrictions on the maximum power of the engine and a maximum speed the bicycle can reach, however, they differ among the countries (Rose, 2012; MacArthur and Kobel, 2014) . This paper was presented at ICTCT workshop.
In the European Union, as electric bicycles are defined only such which satisfy the following conditions: the engine power is limited to 250 watts, speed -up to 25 kph, and obligatory pedaling (EN 15194, 2009) . Bicycles that meet these requirements do not need a driving license, insurance and vehicle license. They can move on bicycle lanes and roads, like a regular bicycle. By contrast, vehicles that exceed these requirements belong to a category of scooters/motorcycles, with an obligation of licensing and insurance. A similar approach was adopted in Israel. According to Traffic regulations (2016) , an electric bicycle (e-bicycle) is defined as a bicycle having an electric motor and satisfying the following conditions: (1) The engine's maximum power does not exceed 250 watts; (2) The electric motor is powered by bicycle pedals; (3) The engine power decreases with speed increasing and stops the operation when bicycle speed exceeds 25 km/h. To ride such e-bicycles there is no need for a vehicle license or a driving license. The permissions and prohibitions for such e-bicycles are identical to those of conventional bicycles. Figure 1 presents a common type of e-bicycles in Israel, which is characterized by relatively small wheels of 20 inch in size. The battery and engine are the two main components enabling to visually distinguish between an e-bicycle and a conventional bicycle.
THE TRENDS IN USING ELECTRIC BICYCLES AND THEIR IMPLICATIONS ON URBAN MOBIL-ITY AND SAFETY
According to global estimates, the electric bicycle sales in the world were over 40 million units in 2015, of which 36.8 million (91.9%) were sold in China and over 2.3 million (5.8%) in Europe (Fishman and Cherry, 2016) . The number of electric bicycles is rapidly rising in Europe: between years 2011-2015 the total amount of sales increased by 88% (Fishman and Cherry, 2016) . In countries, such as Austria and Germany, the sales of e-bicycles have doubled from 2010 to 2012, while in Switzerland the sales increased by 50% and in Italy and France by 20% (Dozza et al., 2013) . Germany and the Netherlands are the leading e-bicycle markets, accounting for 44% and 21%, respectively, of the total European Union sales (Fishman and Cherry, 2016) . Fishman and Cherry (2016) state that electric bicycles represent the largest and the most rapid uptake of alternatively fueled vehicles in the history of motorization. estimated that the worldwide sales of e-bikes are expected to be 47.6 million by 2018. Hurst and Gartner (2013) presented a forecast scenario of the e-bike growth by world regions, and suggested that the annual e-bike sales in the world (excluding China) will approach 4 million in 2020 and may be even higher according to an aggressive forecast.
The estimates reported in Israel -a country with a population of 8.5 million inhabitants and no long tradition of cycling, indicate a rapid growth in electric bicycles sales: in 2013, 32,851 units were imported to Israel, in 2014 -additional 72,602 units and year 2015 ended with an addition of 100,000 units (Morgenstein, 2016) . This means that over 200,000 electric bicycles were sold in Israel in a period of three years.
The electric assistance to the rider reduces the physical efforts required for riding an e-bicycle. Therefore, e-bikes are associated with a potential to expand the role of cycling in urban transport (Rose, 2012) . E-bicycles may provide a convenient form of mobility in urban areas, being an attractive alternative to private cars, usual cycling and walking. Studies show that the durations and distances of travels performed by electric bicycle riders increase compared to travels on conventional bicycles and that e-bikes often replace private car travels for daily purposes (Cherry and Cervero, 2007; Jonhson and Rose, 2013; Fyhri and Fearnley, 2015) . In addition, electric bicycles are useful for people who are not able to ride conventional bicycles due to physical limitations or ageing Boele-Vos et al., 2017) .
However, there is a growing concern of e-cyclists' injury, resulting from the increasing exposure and apparently higher speeds. Empirical studies showed that electric bicycle riders usually rode faster than conventional bicycle riders, yet, the speed differences are not big. For example, in the naturalistic cycling studies conducted in Tennessee, USA, and Germany, the mean speeds of e-bicycles were higher by 2-3 km/h compared to regular bicycles (Langford et al., 2015; Schleinitz et al., 2017) . Research findings from Sweden and Germany indicate that the chance of e-bicycle riders to be involved in conflicts with other road users is higher compared to conventional bicyclists and that the risk to be involved in a conflict increases at intersections, in the proximity of crosswalks and with an increase in riding speeds (Dozza et al., 2016; Petzoldt et al., 2017) .
Studies from the USA and Europe demonstrated more safety-aware behaviours of electric bicycle users, with regard to helmet use, compliance with traffic signs and more careful riding on bicycle-shared paths, or no considerable differences compared to conventional bicycle riders (Scaramuzza et al., 2015; Langford et al., 2015; . At the same time, studies from China, found high rates of law violating and dangerous behaviours among e-bike riders, such as passing through red lights and carrying another person on the bike (Du et al., 2013; Yang et al., 2015) . (It should be noted that e-bike regulations are different in China compared to Europe, with no limit imposed on engine power and no obligation on pedaling, see Rose, 2012 ; as a result, more unruly behaviours of e-bike riders can be expected.)
The evaluation studies of road traffic injury reported that, in China, the risk of e-bike riders to be killed in a road accident or to suffer severe injuries is higher compared to conventional bicycle riders (Cherry and Cervero, 2007; Hu et al., 2014) . In the Netherlands, Schepers et al. (2014) found that after controlling for the age, the gender and the amount of bicycle use, e-bicycle riders are more likely to be involved in an accident that requires medical treatment, compared to conventional bicyclists.
THE SITUATION IN ISRAEL AND THE STUDY'S TOPIC
Studies conducted in other countries, e.g. in the USA, Australia, Europe and China, found that e-bike users are mainly men, aged 30 and above, with higher income and education levels compared to users of conventional bicycles (Cherry and Cervero, 2007; Johnson and Rose, 2013; Popovich et al., 2014; Scaramuzza et al., 2015) . In Israel, unlike other countries, there is a high share of youngsters riding on electric bicycles -teenagers below the age of 18, some of them younger than 16 years. Young e-bicycle riders can be met on sidewalks, roads, bicycle routes and junctions of towns, especially in the hours of going to and from school, where some of them ride at seemingly high speeds.
According to Traffic regulations (2016) in Israel, only people aged 16 and above are allowed to ride electric bicycles. Previously, before May 2016, a person over the age of 14 was permitted to ride an e-bicycle but on bicycle lanes only, whereas a person over the age of 16 was permitted to ride it also on roads. Today, e-bicycles are allowed to ride on bicycle facilities and on roads, and are not allowed to ride on sidewalks, crosswalks or other pedestrian places. In urban areas, wearing a helmet is mandatory for cyclists under the age of 18. A rider can carry another person on the bicycle only if it is fitted for carrying, i.e. has more than one seat.
There are various media reports in Israel stating that on urban streets, mainly in the center the country, young e-bicycle users ride recklessly, ignore the traffic regulations, some of them ride at high speeds on sidewalks and disturb pedestrians' movement. This phenomenon is widely discussed by various authorities in Israel, whilst its actual characteristics are unknown.
The data from the national trauma registry in Israel (Gertner Institute, 2014; , indicated a drastic increase, over the last years, in the amount of injuries associated with electric bicycles (and scooters') accidents. They showed that, in 2013, there was an increase of 360% in the number of injuries hospitalized as a result of such accidents compared to 2012, where the number was ten times higher compared to 2010 and 46 times higher compared to 2009. In the first quarter of 2015 compared to the same quarter of 2014, the number of patients hospitalized following such accidents indicated an increase of 3.4 times. The age distribution of all e-bicycles' (and e-scooters') injuries in the years [2008] [2009] [2010] [2011] [2012] [2013] [2014] , demonstrated that about half of all injuries were to children up to 17 years old.
Being aware of the growing phenomenon of using e-bicycles by youngsters in Israeli towns, with their seemingly dangerous behaviours and already negative implications of road traffic injury, an observational survey of teen e-cyclists was undertaken in this study. The survey aimed to explore the young e-cyclist behaviours at various urban settings, to characterize their typical behaviours and interactions with other road users and then to consider measures ToTS Volume 9, Issue 1: pg58-pg72
Young e-cyclists in Israeli cities: a characterization of typical behaviours and risk factors based on field observations needed for their safer integration in the urban space. Such an observational survey was particularly relevant because the findings on e-cyclists' behaviours in the international literature are not extensive, and mostly refer to adults (see Sec.2 above).
METHODOLOGY

Site selection
The observational survey was focused on young e-cyclists' behaviours during their trips to and from school and in leisure hours. Hence, the observational sites were selected in the surroundings of high-schools and in the vicinity of city centers. The experience of previous Israeli studies indicated that large-and medium-sized towns, situated along the seaside and in the center of the country, with flat landscape and medium-high socio-economic levels, are associated with an increasing use of e-bicycles by youngsters. In such towns, larger numbers of young e-cyclists can be met. Following these criteria, a preliminary list of towns -candidates for the survey, was composed moving along the seaside from the North to the Center of the country -the Tel-Aviv metropolitan area and its surroundings.
The main purpose of the survey was to observe young e-cyclists during their rides from home to school in the morning and on their way back in the afternoon. In order to select areas near high-schools with potentially higher amount of bicycles, the sites of high-schools were visited in weekday mornings. A preliminary list of schools with large amounts of pupils -more than 800, was prepared for each town (using an internet site that publishes information about all highschools in Israel), and maps with school surroundings were drafted, for a field survey. While visiting the school site in the morning, the amount of e-bicycles in the parking place was checked. If a substantial amount -20 or more electric bicycles parked near the gates, was observed, the study team applied to the school guard asking for information on the starting and ending times of the school lessons, when the majority of e-cyclists come to and leave the school, and the directions of their travels. Then, the street grid leading to the school gates was examined using the maps and visual checks of sites -traffic arrangements in the school surroundings, were conducted. Five types of urban settings were defined for collecting e-cyclists' behaviours in the study, which are: signalized and unsignalized intersections, roundabouts, and street sections with and without bicycle-paths. Thus, near each high-school included in the study, a set of sites from the pre-defined five types was selected for observations of young e-cyclists' behaviours on their way to or from the school, with observation hours required.
In a similar way, the observation sites for afternoon leisure activities of young e-cyclists were selected. Such sites were identified during preliminary field surveys in the vicinity of commercial centers and city centers in the pre-selected towns, on weekdays, between the hours 14-18. The sites were selected among five types of urban settings that were introduced above; a site was included in the survey if a certain amount of young e-cyclists was observed during a preliminary tour (at least 3 riders in ten minutes).
In total, the observational survey covered 225 locations in 15 cities, including 150 sites near schools and 75 in city centers as presented in Table 1 . The sample comprised 31 areas near high-schools and 18 areas in city centers.
Data collection
The data were collected by means of a video-recording of young e-bicycle riders, in the pre-defined hours. At each site, an observer with a camera (usually, a smart-phone) was waiting and for each appearance of a young e-cyclist, a video-film was recorded. When possible, the film recorded how the e-cyclist approached the site, crossed the site and continued riding after leaving the site. The position of an observer at the site was dynamic and might change depending on the place and the direction of the e-cyclist's appearance.
The observational hours were typically defined as follows: for the near-school sites -between 7:30-9:00 in the morning, between 12:30-14:30 in the afternoon (for each area, more detailed hours were specified depending on the school) and for the sites in city centers -between 15-19. At each site, the observer was required to stay for half an hour and to record all young e-cyclists' appearances. If ten e-cyclists were video-recorded in a shorter time period, the observer could move to another site. The presence of an observer apparently did not impact the e-cyclist behaviours due to his dynamic position and relatively short presence at each site and usually quick movement of e-cyclists through the site (most films were of 10-20 seconds in length).
The observational survey was conducted between mid May -mid June of 2016 (before the end of the ToTS Volume 9, Issue 1: pg58-pg72
Young e-cyclists in Israeli cities: a characterization of typical behaviours and risk factors based on field observations school year). In total, over 2,000 video-films were collected, of which two thirds were from the near schools' areas and a third from city centers. Figure 2 provides examples of young e-cyclists observed at urban junctions.
Data analyses
The films' contents were coded, to produce data in a numerical format and enable statistical analyses. For the coding, common forms were developed, for each type of site, aiming to reflect e-cyclist character- Young e-cyclists in Israeli cities: a characterization of typical behaviours and risk factors based on field observations istics and behaviours, riding conditions, interactions with other road users, traffic law violations and conflicts observed. To account for possible differences among the sites of each type, road and traffic conditions of each site were also coded, e.g. the number of legs of an intersection, the layout (single-versus dual-carriageway) of a street section, the level of traffic volume during e-cyclist appearance, etc. For junctions, the data were coded separately for each step of e-cyclist movement: while travelling on a street section before the junction, while crossing a junction and while travelling on a street section after the junction. A conflict was defined as an abrupt change in the speed and/or the direction of travel, by the rider or other road user in order to avoid a collision, in line with previous research (Ewing and Dumbaugh, 2009; Gitelman et al., 2017) . A further analysis of conflicts was applied using a method based on the Dutch traffic conflict technique (Van der Horst et al., 2014) . Using the coded data, first, the profiles of young e-cyclists across various types of urban traffic settings were examined, in terms of their age groups, gender, wearing bicycle helmets and carrying a passenger. Concerning the age groups, originally, in line with the law, three categories were defined: teenagers below 14, ages 14-16 and teens older than 16. Following the law change in May 2016 that restricted the use of e-bicycles to the age of 16 and above, in this study's analyses only two categories were considered: teenagers older than 16 versus younger teens. The age groups of riders were recognized visually. To be consistent in the recognition, a set of typical examples was developed for the use by the study team and a calibration training was conducted to recognize the age. In the case of doubt with regard to a specific film, the age group of a rider was defined in the discussion of two team members.
Second, summaries of e-cyclist behaviours were produced for various types of settings, focusing on the selection of place of riding (sidewalk versus roadway); traffic conditions -the extent of vehicle or pedestrian presence near the rider; keeping the place of riding by e-cyclist; moving slower or faster than other road users; obeying traffic rules, e.g. the red lights at signalized junctions, etc. Third, the impacts of various road and traffic conditions on e-cyclist behaviours were examined using statistical tools, such as a Pearson Chi-square test, for a univariable analysis, or fitting a binary logistic regression model, for a multi-variable analysis (Fleiss et al, 2004) . The statistical analyses were applied aiming to reveal leading behaviour patterns of young e-bicycle riders, their interactions with other road users and common risky behaviours, at typical urban infrastructure settings. Table 2 and Figure 3 , a-b, illustrate the profiles of young e-cyclists across various types of urban traffic settings, both near high-schools' areas and in city centers. At most settings, the majority of riders were over 16 years old, yet, a significant difference was found between the location types (p<0.0001). The share of younger e-cyclists, below 16, was very low at all
RESULTS AND DISCUSSION
Profiles of young e-cyclists
junctions and on street sections with bicycle paths in city centers (from zero to 6%), was higher on street sections without bicycle paths and on sections with bicycle paths near schools (between 17% and 33%) and was highest on roundabouts (34% near schools and 57% in city centers). Overall, 11% of e-cyclists observed were below 16. The majority of riders -84%, on average, were boys, but with significant differences between the location types (p<0.001). At such locations as un-signalized junctions and roundabouts, both in city centers and near schools, and road sections and signalized intersections in city centers, the share of girls was lower, in the range of 5%-15%. On the other hand, higher shares of girls among the riders (21%-26%) were observed on street sections and at signalized intersections near schools, and on all street sections with bicycle paths.
The majority of riders did not wear a bicycle helmet at all types of sites (although, differences between the location types were found, p<0.001). Overall, only 8% of riders wore a helmet; the rate was higher (10% or more), on street sections near schools, on street sections with bicycle paths, at roundabouts and at signalized junctions near schools. The shares of riders that carried a passenger differed between various types of settings (p<0.05), whereas a higher frequency of such behaviour (10% and over) was observed near schools -on street sections, signalized and un-signalized junctions and roundabouts, and also at signalized junctions in city centers. Overall, 13% of e-cyclists carried a passenger.
As became clear, the findings pointed to the violation of traffic law on the obligatory use of bicycle helmets, by the majority of young e-cyclists, and to additional violations of the regulations on age restriction for the use of e-bicycles and on carrying a passengerby a smaller share of riders (slightly over 10%, on average, but with higher shares at some location types). Table 2 shows that the largest samples of young e-cyclists were observed at un-signalized junctions near schools and at signalized junctions near schools and in city centers. A detailed consideration of e-cyclist behaviours at various urban settings, that is presented further in this paper, will focus on these location types.
E-cyclist behaviours at un-signalized junctions, near schools
While an e-cyclist rides through an un-signalized junction, three steps of movement can be recognized: travelling on a street section before the junction (A), crossing a junction (B) and travelling on a street section after the junction (C). For these steps of e-cyclist travels through un-signalized junctions, near schools, the samples of 332, 394 and 415 riders were observed. The summary statistics (Figure 4 , Table 3) revealed that:
• At un-signalized junctions, young e-cyclists, in general, prefer to travel on the roadway and not on sidewalks (55% while crossing a junction, 65% after the junction). However, a substantial share of them (31%-52%, at various steps) used pedestrian facilities, which is prohibited by the traffic law.
• When e-cyclists rode on the roadway, most of them (78%-79%) used the right lane, as prescribed by the law. However, over 20% of riders used other places to ride (the middle of the road, an opposite lane), thus violating the traffic law. Vehicle traffic was present in less than 40% of cases observed, however, e-cyclists moved slower than vehicles in 47%-62% of such cases and thus, may interrupt the traffic flow. Moreover, some 20% of riders changed their position on the roadway during the riding, which might increase the extent of disturbance to other vehicles. • When they rode on the sidewalks before and after the junctions, in more than half of the cases pedestrians were present on the streets and, hence, the riders might disturb the pedestrians. In addition, between 6% to 10% of riders tend to change their place of travel between sidewalk to roadway and vice versa, thus, increasing the disturbance to other road users.
• When the e-cyclists crossed a junction on the roadway, half of them did not slow down before the junction and 13% violated the sequence of turns (when other vehicles were present).
• When they crossed a junction on pedestrian crosswalks, 16% of them did not slow down before the crossing, 89% moved faster than crossing pedestrians (when pedestrians were present) and 34% continued the riding on the roadway. In addition, almost all e-cyclists crossed by riding on the crosswalk, which is prohibited by the traffic law. ToTS Volume 9, Issue 1: pg58-pg72
Young e-cyclists in Israeli cities: a characterization of typical behaviours and risk factors based on field observations In consequent statistical analyses that examined the impacts of road and traffic conditions and/or riders characteristics on their behaviours, mostly insignificant results were obtained. Among significant results were that while travelling on a street section after the junction (step C), a higher share of riders selects a roadway rather than a sidewalk on a divided road compared to an undivided two-lane road: 76% vs 66%, respectively (p=0.075). Simultaneously, we found that while riding on a roadway after the junction, more riders move slower than vehicles on a divided road compared to an undivided two-lane road: 77% vs 54%, respectively (p=0.052). This implies that on a divided (dual-carriageway) road, more e-cyclists prefer the stay on the roadway after the junction, creating more disturbance to other vehicle traffic. Such a preference is particularly worrying as dual-carriageway roads are typically characterized by higher vehicle volumes and higher travel speeds than two-lane roads, which may increase the risk of e-cyclist injury.
In addition, in a statistical model fitted to the probability that a rider slows down before the junction while riding on the roadway (on step B), the impact of junction configuration was significant (p<0.001) indicating that at a 4-legged junction more riders tend to slow down (compared to a 3-legged junction). Such a result is reasonable accounting for a higher complexity of movements at 4-legged junctions.
In general, at un-signalized junctions, a variety of e-cyclist behaviours that endanger the riders themselves and disturb other road users were observed. They move fast and frequently change the place of riding according to their instant convenience, being unpredictable for other road users and creating risky situations both on the roadway and on sidewalks. In the study sample for un-signalized junctions, in total, 4 conflicts were counted between e-cyclists and other road users (pedestrians and vehicles); they were classified as slight or medium, due to low speeds of both parties and time gaps of 2 sec or more. In spite of the small number of conflicts observed in the study, the high frequencies of imprudent behaviours of young e-cyclists and their disobeying of traffic rules cannot be ignored due to a potential risk they impose on urban traffic.
E-cyclist behaviours at signalized junctions, near schools and in city centers
For an e-cyclist riding through a signalized intersection, two steps of movement were defined: crossing a junction (A) and travelling on a street section after the junction (B). It should be noted that at one intersection, an e-cyclist may be observed as riding through 1 to 6 crosswalks and that, in general, the e-cyclist presence at a signalized intersection is longer than at an un-signalized junction. A camera could follow an e-cyclist within a limited distance, thus, at signalized junctions the preference was given to observing crossing behaviours of e-cyclists and, if reachable, to their travelling on a street section after the junction, while the behaviours on a street section before the junction were not filmed. (As a result, we had two steps of movement at signalized junctions, while at un-signalized junctions there were three.) The samples of e-cyclists observed, in each step, in the near school areas and in city centers, were in the range of 181-431 ( Figure 5 ). For the crossing step, riders' behaviours were summarized at all the crosswalks where they were observed. The summary statistics of e-cyclist behaviours at signalized junctions ( Figure 5 , Table 4) indicated that: Young e-cyclists in Israeli cities: a characterization of typical behaviours and risk factors based on field observations
• Both near schools and in city centers, most young e-cyclists prefer to cross the signalized junctions on crosswalks (67%-82%) and to ride on sidewalks after the junction (64%-65%), i.e. to use pedestrian facilities, in spite of the law prohibition.
• When the e-cyclists crossed a junction on the roadway, over 30% of them crossed on red and about 40% did not slow down before the junction. They exhibited such behaviours both near schools and in city centers, whereas in many cases (70%) vehicle traffic was present at the junction. In addition, 5%-11% of e-cyclists went up the sidewalk while crossing the junction. The rate of red lights' violations by young e-cyclists in Israel was lower than that exposed by e-bikes in China (Yang et al, 2015) . However, it is undoubtedly very high compared to motor vehicles.
• When the e-cyclists crossed a junction on pedestrian crosswalks, about 40% of them did not slow down before the crossing, 14%-17% crossed on red, about 80% moved faster than crossing pedestrians (when pedestrians were present) and 12%-17% continued the riding on the roadway. Almost all e-cyclists crossed while riding. • When they rode on sidewalks after the junctions, in 30%-60% of cases pedestrians were present on the streets. In such cases, the e-cyclists typically (in about 80% of cases) moved faster than pedestrians.
• When e-cyclists rode on the roadway after the junction, they usually used the right lane, which is in line with the law. However, over 10% of riders used other lanes, thus violating the rules and disturbing vehicle traffic. The e-cyclists moved slower than vehicles in about 70% of cases where other vehicles were present on the road. Moreover, some riders (5%-8%) changed their position on the roadway and others (3%-5%) went up to the sidewalk during the riding thus increasing the extent of disturbance for other road users.
Further statistical analyses did not find significant impacts of road conditions or rider characteristics on their tendency to cross on red. However, an impact of the number of crosswalks was ascertained in the statistical models fitted to some riders' behaviours on pedestrian crosswalks. We found that both near schools and in city centers, a higher number of crosswalks (that crossed by the rider) was associated with a decrease in the rider's intention to slow down before the crosswalk (p<0.001), and, also, with an increase in the rider's intention to change the place of riding to the roadway (p<0.05).
In addition, on the step of travelling on a street section after the junction (step B), the impact of road type on the selection of place of riding was found: a higher share of e-cyclists selected a sidewalk instead of roadway on a divided road compared to an undivided two-lane road: 71% vs 37% near schools (p<0.001); 69% vs 50% in city centers (p<0.05). Such a choice seems reasonable accounting for higher traffic volumes on divided roads but it contradicts the law.
In the sample collected at signalized junctions, in total, 16 conflicts between e-cyclists and other road users were observed, none of them severe. However, nine cases involved pedestrians pointing to the problem of using pedestrian facilities by e-bicycles. In general, young e-cyclist behaviours at signalized junctions demonstrated a wide range of traffic law violations and risky manoeuvres that endanger them and disturb other road users. Young e-cyclists in Israeli cities: a characterization of typical behaviours and risk factors based on field observations
SUMMARY AND CONCLUSIONS
Being aware of a substantial increase in the use of e-bicycles by youngsters in Israeli towns, media reports on their seemingly dangerous behaviours and an increase in road traffic injury, an observational survey of young e-cyclists was undertaken in this study. The survey intended to explore the young e-cyclist behaviours at typical urban settings, to characterize their behavior patterns and interactions with other road users and, consequently, to consider measures needed for their safer integration in the urban environment. The survey focused on young e-cyclists' behaviours during their trips to and from school and in leisure hours, at a range of traffic settings, situated both near the high-schools and in city centers. Crossed on red at signalized crosswalks 14% 17%
Did not slow down before (any) crossing 42% 35%
Crossed by riding 99% 100%
Changed the place to roadway 12% 17%
Pedestrians were present 16% 38%
Moved faster than pedestrians** 85% 76%
b -Travel on a street section after the junction (step B)
Place of riding
Sample of e-cyclists observed: (1) near schools, (2) in city centers Vehicle traffic was present on the road 37% 44%
Moved slower than vehicles* 75% 69%
Changed the position on the roadway 8% 5%
Went up to the sidewalk while riding 3% 5% *When vehicles are present; **When pedestrians are present; # Including bicycle paths (a few cases).
##
Accounting for multiple crosswalks: (1) 851, (2) 325. ToTS Volume 9, Issue 1: pg58-pg72
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The survey results indicated that, at all types of sites, most young e-cyclists were males, older than 16 and not wearing a helmet. In all the sites together, only 8% of riders wore a helmet. The shares of riders that carried a passenger was 10% and higher near the high schools -on street sections, signalized and un-signalized junctions and roundabouts, and also at signalized junctions in city centers. Therefore, the findings pointed out typical violations of traffic law in Israel by young e-cyclists, such as: not wearing a helmet (that is obligatory for cyclists below the age of 18), by the majority of young e-cyclists, and violations of the age restriction on the use of e-bicycles (should be over 16) and the prohibition on carrying a passenger -by a small share of riders (over 10%, on average).
In addition, high shares of e-bicycles rode on sidewalks and crossed at crosswalks, violating the traffic law that prohibits using pedestrian facilities for riding. At signalized junctions, substantial shares of riders crossed on red lights, both on roadway and on crosswalks, thus violating the law and increasing accident risk. At various urban settings -signalized and un-signalized junctions and street sections, young e-cyclists demonstrated a wide range of traffic law violations and risky manoeuvres that endanger the riders and disturb other road users. Many of them do not slow down before a crosswalk or a junction; they may change the place of riding between the sidewalk and the roadway and inside the sidewalk or the roadway, according to their instant convenience. Young e-cyclists are faster than pedestrians and endanger them on sidewalks, but also slower than vehicles, disturb the vehicle traffic and endanger themselves while riding on the road. The high frequencies of imprudent behaviours of young e-cyclists and their apparent disobeying of traffic rules are obvious and need to be changed due to the risk they impose on all urban road users.
According to Traffic regulations (2016), standard e-bicycles may use regular bicycle infrastructure when available. Hence, for a safe integration of e-bicycles in the urban environment, two conditions are needed:
• Separating the sidewalks, bicycle paths and roadways, particularly on collector roads with higher vehicle traffic and pedestrian activities, by applying engineering solutions outlined in the urban streets' design guidelines (Guidelines, 2009);
• Ensuring enforcement of traffic regulations concerning e-bicycles, with a particular focus on the definition of standard e-bicycles (limiting the engine power and speeds) and a prohibition to all types of bicycles to use pedestrian facilities for riding.
In Israel, the construction of bicycle-related infrastructure in urban areas is still in its initial stage, where bicycle lanes and paths are not common yet in most Israeli towns. Frequently, bicycle paths stop at junctions, without an arrangement for bicycle crossings. As a result, many cyclists cross the road at pedestrian crosswalks, by riding, and, hence, violate the traffic law. The situation is even worse with teen e-cyclists, which, under the absence of bicycle paths, should ride on the road, in mixed traffic, thus endangering themselves. The alternative of riding on sidewalks that is selected by many young e-cyclists might be safer for them but creates a danger for pedestrians.
The literature does not suggest a separate "strip" for e-bicycles in the urban space. Thus, to promote a safe use of e-bicycles in Israeli cities, the main focus should be on a wider application of common bicycle infrastructure, in accordance with the design guidelines. Better separation between the sidewalks, roadways and bicycle paths, both on street sections and at junctions, will reduce the problem of speed differences and conflicts in the interaction between various road users. Moreover, in recently published guidelines abroad (e.g. MassDOT, 2015) there are examples of design solutions that enable a safer separation of bicycle facilities at various types of urban settings. Such solutions can be considered for adoption in Israeli practice, with potential safety benefits for both e-cyclists and conventional cyclists. The issue of connectivity in providing a cycling network, particularly in the vicinity of high schools, can be promoted in cooperation between the local authorities and school management.
In addition, in light of the high rates of traffic law violations observed in the field, road safety education and training of teen e-cyclists supported by stronger police enforcement are required in Israel. In particular, the involvement of high school administration is necessary to apply the regulation on age limit in using e-bicycles, for example, by restricting the use of school bicycle parking. The use of helmets by e-riders can be promoted by publicity campaigns and mutual efforts of school administration and parents. Lessons on e-bicycle traffic regulations and training of safe cy-ToTS Volume 9, Issue 1: pg58-pg72
Young e-cyclists in Israeli cities: a characterization of typical behaviours and risk factors based on field observations cling can be conducted at high schools by the police officers and volunteers. Examples of such initiatives were recently reported by the Traffic department of the Israeli police. Finally, enforcement activities with regard to the e-cyclists' age restriction, helmet use and the place of bicycle riding can be undertaken by local authorities in cooperation with the police.
